Seawater desalination is a way ahead to produce tap water in the Iranian coastline of the Oman sea with arid climate. The Chabahar Maritime University (CMU) desalination plant which its prototype was launched in 1994, currently using the reverse osmosis (RO) membranes is producing fresh water with a capacity of 336 m 3 /day and TDS of 400. Here, it is attempting to draw the plant overall scheme and to produce the technical documents of its constituent parts. An experimental study was conducted to estimate the current working conditions of this RO desalination site, and a simple formulation method using by Microsoft Excel 2010 is developed to model and optimize the cost and processing parameters such as active surface area of the membrane in the RO desalination plant. The mode of site's economic estimation provides a way to find the optimal working conditions including feed flow rate, recovery ratio and so on. The results indicate that with some small adjustments in the process, the cost of water can be dramatically reduced. For example, with an increase in the flow rate of the intake feed water from 840 to 5784 m 3 /day, cost of product water reduces from 2.2 $/m 3 to 1.4 $/m 3 . 
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Introduction
The current lifestyles require large quantities of fresh water to use in industrial activities, agricultural and domestic purposes. Now, the scarcity of fresh water resources has emerged as a global crisis and for overcoming it, desalination of seawater is a good solution and suitable choice (El-Emam and Dincer 2014) . The main reasons of water scarcity are the global climate changes, earth warming, reducing rainfall and increasing consumption of freshwater (Mehdizadeh 2006) . In some parts of the world, especially the Middle East countries and Iran, the problem of water scarcity has become more complicated due to lack of access to freshwater supplies (Marcovecchio et al. 2005; Farhoudi and Poll 1992) . The central and southeast regions of Iran have a little rainfall and are considered as dry and semiarid climates (Daneshmand and Mahmoudi 2017) . The rainfall rate in Sistan and Baluchistan of Iran is affected with the westerly winds and their consequent high and low waves. Monsoon system of summers is another effective system on the amount of rainfall of southern stations in the province, especially in mountainous areas of Makran (Rezaee et al. 2014) .
In this area of Iran, problem of fresh water shortage could be solved by producing water from seawater using desalination methods. In the recent years, the desalination industry, especially seawater desalination, is expanding rapidly all over the world. The reliability and performance of freshwater production methods such as reverse osmosis (RO), multistage flash (MSF), multi-effect distillation (MED), and electro dialysis (ED) processes have led to a growing commercial use of them (Van der Bruggen and Vandecasteele 2002) . It should be noted that in each of these methods, pretreatment and posttreatments are necessary to improve the quality of intake & product water, respectively (Brandt et al. 2017; Zahedi and Ghasemi 2017; Pourmortazavi et al. 2017) . On the other hand, reducing the cost and utilizing a more environmentally friendly process have become the subject of many current researches (Sachit and Veenstra 2014) .
In the reverse osmosis (RO) desalination system, ions and other chemicals remove from feed water using a semipermeable membrane (Wenten 2016) . Today, RO has become a leading technology for seawater desalination, and its rapid growth is directly related to the development of membrane technology and its remarkable potential (Atab et al. 2016) . Now, hundreds of RO seawater desalination plants have been made all over the world, due to its lower production cost and significant improvements in the membrane quality.
Controlling and optimizing the working process of the RO seawater desalination plant, play an important role in reducing overall costs and improve the quality of the producing water. The success of design, construction and operation of an RO system, needs its detailed analysis at the feasibility stage and evaluates the efficiency of the effective parameters in the operation period. In this regard, several modeling approaches are developed for optimizing of the RO design by membrane providers and manufacturers (Malek et al. 1996) which are used to evaluate the effects of various parameters on the cost of final freshwater. The results included the proper and optimized design conditions of a RO seawater desalination plants (Voutchkov 2018) . In general, the attempt for numerical analysis and modeling of the desalination system process is a valuable and inexpensive way to evaluate which can improve and optimize the plant system (Lee et al. 2011; Wilf and Schierach 2001) .
In this study, we select the Chabahar Maritime University desalination plant as a low capacity SWRO desalination plant for comprehensive process and economic analysis. The system is evaluated using model against monitored amounts, and RO plant efficiency is studied considering the effective working parameters such as feed water salinity and temperature, applied pressure, recovery ratio and so on. Finally, by offering some technical suggestion it has been tried to optimize the RO desalination system economically with quality. These types of investigation lead to better understanding of the advantages and disadvantages of the system and its components.
System description and case study
Currently, the Chabahar Maritime University (CMU) reverse osmosis (RO) desalination plant (south of Sistan and Baluchistan state of Iran) is working to provide 336 m 3 /day of fresh water with average TDS of 400 ppm. Seawater sources with an average TDS of 31,400 mg/L are used as intake water of this plant. Overall schematic diagram of the system is shown in Fig. 1 . At first, the saline water is pumped from two wells by the low-pressure pump (LPP). Applied pressure ratio to intake water line is 6 bar. Then, the feed water is directed to the relaxation pools, sand tanks and then cartridge filter as pretreatment process to get rid of any suspended particles. Next, in a mixer and during the initially treated saline water passing, certain chemicals are added to it that are required to prevent any damage to the RO elements. Like any conventional RO plant, the feed water pressure is raised to the RO operating pressure upper than osmotic pressure and then injected to two trains of RO membrane. The highpressure pump (HPP) has adjusted the pressure to 45 bar, and the brine water is rejected from the pressure vessels at 43 bar. The permeate water leaves the modules to achieve the required TDS of the final product water. In this RO plant, there are not any pressure recovery system and feed bypass water. Here, in this RO system a DOW filmtec SW30HRLE 400 spiral wound membrane modules are used for SWRO desalination propose. Membrane specifications such as active area (37 m 2 ), maximum operating pressure (83 bar), permeate flow rate (28 m 3 /day), minimum salt rejection (99.65%) are reported by Dow company. The 120 membranes of this type of membrane in two trains of five pressure vessels, work for the water desalination. In order to evaluate the output water quality, especially in terms of TDS, the product water by the RO plant was investigated during a period of 1 month for 78 sampling time and under normal operational conditions. The results of this study are illustrated in Fig. 2 . It should be noted that the two parameters of chlorine and sodium ion are also evaluated during the same period, and the results of this test confirm the amount of TDS. Some of the average chemical parameters of feed, concentrate and product waters of RO system are shown in Table 1 . 
Model-based analysis and optimization
The present work is based on the theory and equations presented for estimating RO plant operation variables, including permeate flux (J W ), solvent permeability coefficient (A W ), osmotic pressure (Δπ), delta pressure (ΔP), etc., and as well as the equations required to estimate the total cost of final water production such as cost of the intake and pretreatment, annual cost of the energy of the intake pump, cost of chemical treatment in the pretreatment, capital cost of the RO membrane and so on. The related theories can be found extensively in the article of El-Emam and Dincer (2014) and Sachit and Veenstra (2014) , etc. As is the case with equations (Table 2) , operational variables such as feed flow rate (Q f ), recovery ratio (r r ), salinity of waters, pressure of high-pressure pump (P) and so on. are the effective parameters in determining the cost of product water. As we know (Barello et al. 2015; Ismail and Khulbe 2019) , in the process of checking the optimal performance of a system, the cost price is a significant factor ( Table 2 ). The cost is directly and indirectly related to the variables that are effective in setting the water production process, such as the flow rate and salinity of the feed water, the recovery ratio, the pump pressure, temperature and so on. In this research, it was initially tried to estimate the current cost of the water with formalization in the Microsoft Excel 2010 and to know about the current working conditions governing on the university's seawater desalination plant.
In the next step, by investigating the effective working variables in front of the cost and membrane active area, they tried to find the optimal working conditions of the plant. In this regard, the Solver tool in Excel can help us by selecting appropriate boundary range of input data. On the other hand, the membrane active area that reported by 
the manufacturer company (Dow) can help us to achieve these optimal conditions.
Results and discussion
The first and the most important parameter (Ismail and Khulbe 2019; Eshoul et al. 2017) , whose variation has been studied on measuring the cost and effective area of the membrane, is the flow rate of seawater feed (Q f ). At present, the feed water of RO plant is supplied through two deep wells drilled in the university with a distance of 400 meters from the beach. The total flow rate of water reached the relaxing pools is 35 m 3 /min, and the total solid solvent content is 31,400 mg/L. Water salinity suggests that the main source of this feed is the leakage seawater of the sea and the use of the well reduces the total suspended solids content. The results of the modeling feed water flow rate variations on the amount of water cost and the active area of the membrane are shown in Fig. 3 when all other variables make constant. The calculation of the membrane active area is based on Eq. (7) in which the relevant variables are defined in the nomenclature section and this parameter has a good fit with the amount of J w . As it is seen, feed flow rates have an important impact on the cost of producing potable water and as the feed flow rate increases, the membrane's active area increases and the total cost of water production decreases. If we target the reported active area (37 m 2 ), the optimum flow rate should be 5758 m 3 /day which leads to 70 % reduction per cubic meter of product water and this parameter has a significant effect on overall cost and optimum working condition such as active area of membrane.
Determining the recovery ratio correctively is another important factor affecting the quality and operations of the reverse osmosis membrane, and on the RO desalination process. This factor plays an important role in the equations used to calculate process variables and also cost of product water. The choice of the low recovery ratio results in a prolonged membrane lifetime, reducing the effects of fouling and TDS of product water. Apparently, if you set it at high ratios, we will have an increase in production. But working with an optimal amount of the recovery ratio is essential, which currently in the university RO plant is 0.4. The recovery ratio variable influences the concentration values of the formulas given in Table 2 and eventually changes the values of the active surface area of the membrane and the final cost of water production. According to the model described in the previous section, by evaluating the effect of the recovery ratio (in range of 0.2-0.55) on the cost and active surface area of the membrane in the conditions governing the unit, the results of Fig. 4 are obtained. As you can see, by increasing the recovery ratio, the active cross section of the membrane increases sharply and the cost of water production drops significantly and changing the recovery ratio has a huge impact on the cost and, at the same time, the active area of the membrane. These results suggest the use of a value of 0.55, which also causes a more theoretical involvement of the membrane area to about 36 m 2 . Also, the results show significant reduction in the cost of water from $ 4 in the ratio of 0.2-1.8 dollars to the ratio of 0.55. It should be noted that in higher recovery ratios, we need to focus on the effective pretreatment of feed water ahead of fouling subsequent effects. In the current operating conditions of the desalinating plant, the change of the applied pressure in the range of 38-60 bar has been investigated versus the cost and active surface of the membrane. The results of this study are presented in Fig. 5 . It should be noted that the maximum pressure which could be applied by the high-pressure pump in the RO site is 60 bar. As can be seen, this parameter has an adverse effect on the cost and active surface of the membrane, and variation in the active surface area of the membrane is much more than cost variation. It seems that a large decrease in the active area of the membrane is due to the change in the value of variable B s . This is the opposite of practical and theoretical prediction, which implies an increase in the permeate flux (J w ) with increasing P or ΔP.
The next parameter that is used to model and optimize the desalination process is the temperature. The selected temperature range is the maximum and the minimum reported temperature for the Chabahar and are provided from the Iranian Meteorological Organization. The results of the study of temperature changes versus water cost and active area of the membrane are presented in Fig. 6 . As you can see, temperature changes affect the cost and active area of membrane, but its effect is less important than other parameters such as feed flow rate and recovery ratio. According to this figure, both the cost and active surface of the membrane increase with increasing the temperature. But because these two parameters also behave in the opposite direction, finding the optimal value should be done according to the site's priority. It seems that the effect of temperature on cost and active area of membrane is based on its effect on the reduction in solute rejection.
The next parameter to be considered is the amount of salinity of the feed water. The results of the modeling in the working conditions of the site and the recovery ratio 0.4 are shown Fig. 7 . The results indicate the high effect of salinity on active area and apparently its low impact on water costs.
It should be noted that in adjusting the working conditions of the feed in terms of salinity, not only salinity but also the amount of recovery ratio has a significant effect, and by reducing the salinity of the feed water its cost decreases with increasing the recovery ratio. Apparently, the output of the model indicates the high effect of salinity on the active surface of the membrane. It seems that the low variation in the cost of water produced is due to the low cost of unit power cost, in Iran, which has led to abnormal behavior in this section.
As we have seen, the process used in the site's economic estimation provides a way to find the optimal conditions of desalination work, including optimal feed flow rate, recovery ratio, and so on. Some of the current work parameters, as well as the optimal conditions reported, and the result of modeling process for optimal condition can be found in Table 3 . The results indicate that with a few small adjustments in the process, the cost of water can be dramatically reduced. For example, with an increase in the flow rate of inputs feed water from 840 to 5784 m 3 /day, cost of product water reduces from 2.2 $/m 3 to 1.4 $/m 3 .
Conclusions
In this paper, an experimental and numerical study was conducted to estimate and optimize the working conditions of the RO desalination site of the Chabahar Marine University. The plant is set for water production with TDS of 400, but there is a fluctuation in the quality of water produced. Although this fluctuation is not beyond the Iranian national standard for drinking water, it shows the change in the function of the equipment, the quality of the feed and the operators. Here, a simple formulation in Excel is used to model and optimize the cost and process of a small reverse osmosis plant. The modeling results suggest a low input water feed flow rate, which should be eliminated by new well drilling. At present, the cost of water ($/m 3 ) is $ 2.2, although it is acceptable compared to existing reports, but according to numerical calculations it can be reduced to less than $1.4. According to the results presented in the previous section (membrane active area of 9.36 m 2 ), it can be said that the current operating conditions are not such that the entire membrane active area (37 m 2 ) is involved in the desalinating process. 
